The NIR PL decay follows the same equation as the rise except the pumping term: 
Rate equation analysis of the NIR PL decay.
The NIR PL decay follows the same equation as the rise except the pumping term: 
For t  min 1 W A2 ,1 W A1 { }, the normalized population of N D1 can be approximated by
The total decay rate W D1,decay of NIR PL is then given as,
This is exactly the same as the rise rate expressed in equation (11) in the manuscript, except for the excitation term.
Discussion on the exponential fit of the transient NIR PL
Both the NIR decay and rise are essentially non-exponential but can be approximated by single exponential functions at the very beginning. Furthermore, the NIR decay deviates from single exponential function quicker than the NIR rise does as we mentioned in the manuscript. Here, we provide a more in-depth discussion on the single exponential approximation used to fit the initial part of the transient PL in this paper. 
On the other hand, the normalized NIR PL decay has the expression given in equation (2) above. The overall decay rate may be written as,
By comparing the rise rate and the decay rate, we find that the time dependent coefficient before the energy transfer terms, 2c 
Analysis of green PL decay
The decay curves of green emission under 980 nm laser excitation are shown in Figure   S2 for the nanograting and reference samples. Again, we observe slow decay at the beginning as a result of competition between upconversion and decay. Later, all decay curves follow the intrinsic decay as shown in green line in Figure S2 . The equation (13) in manuscript applies for green emission decay process as well.
We re-write it here:
The description and the values of the coefficients can be found in manuscript. and W A2 are the decay rate of N D1 and N A2 respectively. The ETU term can then be written as,
Substituting this expression for c d 4 N D1 N A2 into equation (7), and solving for the normalized decay expression of green emission yields,
where W total is the sum of decay rates W D1 and W A2 .
The experimentally measured green decay was fitted by equation (9) to extract the total decay rate W total . Since we had measured the NIR emission decay of donor ions W D1 , we can subtract it from W total to obtain acceptor ion NIR decay rate W A2 . The results are listed in Table S1 . As we can see, the NIR decay rates of acceptor ions equal to its rise rates presented in the manuscript. And once again the ratio of NIR decay rates of acceptor ions to that of donor ions stay constant at 1.5 irrespective of the excitation conditions. row. The last row shows the ratio of acceptor NIR decay rates to donor NIR decay rates.
UCNP synthesis and surface modification
UCNPs were synthesized using a modified co-precipitation method 1 . 0.3 g of YCl 3 , 0.1 g of YbCl 3 , and 0.01 g of ErCl 3 were dissolved into 36 mL of octadecene and 6 mL of oleic acid by vigorous stirring and heating. Then a mixture of 0.2 g of NaOH, and 0.296 g of NH 4 F in 20 mL of methanol was added and vigorously stirred for 30 min at 60 o C. After 30 min, the mixture was heated up to 100 o C for degassing. Then, the mixture was heated to 320 o C for an hour under argon atmosphere. Once the final product has cooled down, the mixture was washed in water and ethanol via centrifugation and redispersion. After final step of washing, UCNPs were stored in toluene.
As shown in the transmission electron micrographs (TEM) in Fig. S3 , the nanoparticles were regular hexagonal platelets, indicating the formation of β-phase NaYF 4 nanocrystals. The mean lateral size was 32 nm. The Yb 3+ and Er 3+ doping densities were 18% and 2%, respectively. We also show the high-resolution transmission electron microscopy (HRTEM) image (Hitachi HF2000, Japan) and XRD pattern of the as-synthesized β-NaYF 4 in Fig. S4 from previous report 2 .The UCNPs were of good optical quality and exhibited strong upconverted luminescence under the excitation at 980
nm. The as-synthesized UCNPs are covered with oleic acid and thus not water-soluble.
To make them water-soluble and also to make the nanoparticle surface negatively 
Layer-by-Layer Deposition of UCNPs
The layer-by-layer (LBL) deposition process driven by the electrostatic interaction was carried out by using polyelectrolytes as intermediaries. force microscopy performed at each layer. The final thickness of three monolayers was measured to be 90 nm by the atomic force microscopy.
We conducted a series of atomic force microscopy scans to determine the thickness of one, three and five monolayers of UCNP samples. As shown in Fig. S5 , the thickness increased linearly with the number of layers. The three-layer sample, which was used in this paper, had a thickness of 90 ± 2 nm. 
Temperature of UCNPs
As described in the manuscript, the UCNP temperature can be extracted from the ratio of two green emission bands (I S : 4 Figure  S10 . Energy transfer rate enhancement factor calculated for a donor-acceptor pair with a pair separation of 3.4 nm placed at various distances, z, from the silver surface. ω sp and λ sp represent the surface plasmon frequency and wavelength, respectively 6 . For the present case, λ sp = 340 nm.
